Mikania cordata is widely used for the treatment of cuts, wounds, and dengue fever in Bangladesh. In the present study, essential oil (12.5, 25 and 50 mg/kg) and two extracts, viz., chloroform and ethyl acetate extracts (200, 400, 800 mg/kg b.w.) were tested for peripheral and central anti-nociceptive activity by acetic acid-induced writhing and hot plate method, respectively. Carrageenan-induced rat paw edema assay and yeast-induced hyperthermia assay were also carried out to evaluate anti-inflammatory and antipyretic properties of oil and extracts, respectively at aforesaid doses. The essential oil (50 mg/kg), chloroform extract (800 mg/kg) and ethyl acetate extract (800 mg/kg) showed potent peripheral antinociceptive activity having 47.33%, 29.33% and 16.65% of writhing inhibition, respectively, comparable with standard diclofenac (52.0%). Essential oil (50 mg/kg), chloroform extract (800 mg/kg) and ethyl acetate extract (800 mg/kg) presented promising central anti-nociceptive activity as well having 95.86%, 79.18% and 42.37% elongation of reaction time, respectively, at 90 min after administration of essential oil, ethyl acetate extract and 60 min after administration of chloroform extract. In anti-inflammatory activity screening, the essential oil (50 mg/kg) produced the highest 72.80% edema inhibition at 4 h after administration of carrageenan which was comparable with that of standard phenylbutazoe (87.87%). On the other hand, chloroform extract (800 mg/kg) and ethyl acetate extract (800 mg/kg) showed up to 34.31% and 15.27% of edema inhibition, respectively, at 4 h after administration of carrageenan. In antipyretic assay, the essential oil and chloroform extract displayed a strong antipyretic effect in yeastinduced rats, whereas the ethyl acetate extract had no antipyretic activity. The present study revealed anti-nociceptive, anti-inflammatory and antipyretic potential of M. cordata which could be the therapeutic option against fever, inflammations as well as painful conditions and confirmed the traditional use of M. cordata. 
Introduction
Mikania cordata (Burm. f.) Robinson (Asteraceae) is a twining herb, characterized by its cordate leaves, capitulum inflorescence, whitish flowers, narrowly oblong cypsela type of fruits and white pappus. In Bangladesh, M. cordata is locally known as Assamlata or Tarulata, and is widely distributed throughout the country. This plant is used as ethnomedicine in treating cuts and wounds in Bangladesh. A decoction of leaves is administered in the treatment of indigestion, dysentery, and gastrointestinal sore (Ghani, 1998) .
The Mandi ethnic people in Tangail district of Bangladesh eat young fried leaves of M. cordata in gastric pain (Partha and Hossain, 2007) . The Garo tribal people of Netrokona district use this plant in cuts and wounds (Rahmatullah et al., 2009a) . The Santals tribal people residing in Thakurgaon district use the leaf of M. cordata for the treatment of cuts and wounds, and as remedy of dengue fever (Rahmatullah et al., 2009b) . The plant is also used as leafy vegetable and applied against coughs, eye sores and gastro-intestinal disorders. In Assam (India), the local herbal practitioners (Kabiraj) use the leaf juice of M. cordata in the case of insect and scorpion sting (Sastri, 1962) . M. cordata is also indigenously used by the tribe Seminoles to treat itchy skin as well as for circumcision, wounds, and tumors (Sturtevant, 1954) . It is reported to have psycho-pharmacological, neuro-pharmacological, antibacterial, antifungal activities and therapeutic properties against pain, inflammation, hyperthermia, ulcer and carcinogenesis (Mosaddik and Alam, 2000) . It contains different biologically active compounds e.g. mikanin, friedelin, butyryloxy kaurenic acid, benzoyloxy kaurenic acid, stigmasterol and beta-sitosterin (Ghani, 2003) .
The CNS depressant activity with potential antioxidant properties are found in different plant aerial extracts (Hyun et al., 2016) and it is also common in M. cordata (Hasan et al., 2009) . The hydroalcoholic leaf extract of this species also found to have neuropharmacological as well as CNS-depressant activity (Dey et al., 2011) . Crude ethanolic extract of M. cordata found to have antinociceptive, cytotoxicity, and antibacterial activities in animal model (Nayeem et al., 2011) . However, no study was carried out on the anti-nociceptive, anti-inflammatory and antipyretic potential of the essential oil as well as chloroform and ethyl acetate extracts of M. cordata leaves so far. Therefore, this study aimed at investigating the anti-nociceptive, anti-inflammatory and antipyretic effects of leaf essential oil and extracts of M. cordata occurring in Bangladesh.
Materials and methods

Plant material
The aerial parts of Mikania cordata were plucked from Muksudpur of Gopalganj district, Bangladesh in the months of June and July 2010. The plant material was collected and identified by Prof. Dr. M. Oliur Rahman of the University of Dhaka, Bangladesh. The voucher specimen has been preserved in Bangladesh National Herbarium (DACB -Voucher No. 37894).
Extraction of essential oil
After drying of the fresh leaves at room temperature, those were converted into powdered form using pestle and mortar, and the essential oil was extracted by steam distillation for 3 h. The yielding percentage was 0.65 (w/w) and the density at 25°C was 0.98 g/ml. In this study, one thousand and nine hundred gram (1900 g) of the powder was hydrodistilled and 12.35 g of the essential oil was yielded. The oils was preserved in refrigerator in a lightproof bottle. In order to determine the relative density of the oil 10 ml capacity bottle was employed.
Preparation of plant organic extracts
Fifty grams of powdered form of the leaves was used separately for chloroform and ethyl acetate solvent extraction at room temperature for 7 days. After evaporation of solvents using vacuum rotary evaporator at 50°C, 6.2 g of chloroform extract and 7.4 g ethyl acetate extracts were obtained. The extracts were suspended in normal saline using 5.0% Tween 80 before administration.
Experimental animal
The animal (Swiss albino mice of 25-30 g and Wister albino rats of 150-200 g) were collected from ICDDR, B (International Centre for Diarrheal Diseases and Research, Bangladesh). Standard polypropylene cages were used to keep the animal at temperature 25 ± 1°C where humidity remains 60-70% with normal day/night cycle (12 h each). Standard pellets as basal diet (ICDDR, B formulated) and water ad libitum were supplied to the animals for one week. After fasting for overnight, the animal were weighted prior to the experiment. Guidelines of the National Institute of Health for the Care and Use of Laboratory Animals (NIH Publication 80-23, revised in 1996) were strictly followed in carrying out the experiments.
Drugs and chemicals
Diclofenac sodium manufactured by ACI Pharmaceutical Ltd., Dhaka and morphine manufactured by Gonoshasthaya Pharmaceuticals Ltd, Dhaka, Bangladesh were purchased for the experiments. Acetic acid (Merck, Germany) and carrageenan (BDH, UK.) were used in this study. For other chemicals, only the analytical grade chemicals (Sigma and Merck) were employed in the experiments.
2.6. Anti-nociceptive activity study 2.6.1. Peripheral anti-nociceptive activity assay Acetic acid writhing inhibition method as developed by Koster et al. (1959) was used to identify peripheral anti-nociceptive activity of the plant extracts and essential oil of M. cordata. Three different groups of mice were tested for each type of the test sample and each group included 5 randomly selected mice. Mice of a group were received 5% Tween 80 (10 ml/kg), while three different groups of mice received essential oil of 12.5, 25.0 and 50.0 mg/kg, other three different groups received chloroform extracts of 200, 400, 800 mg/kg and another three different groups received ethyl acetate extracts of 200, 400, 800 mg/kg. Thirty minutes later, the mice were received 3% acetic acid to induce pain. After 5 min of acetic acid administration, writhing count was started and continued over a period of 20 min. The writhing of the group received tested specimens and diclofenac sodium were compared to the writhing response of the control group and considered as index of analgesia. The percentage of inhibition was calculated as per following equation:
% Inhibition
¼
Mean wrihing countðcontrol group À treated groupÞ Â 100 Mean writhing count of control group 2.6.2. Central anti-nociceptive activity assay For hot plate experiment, the method of Ojewole (2006) with slight modification was followed. The mice which showed responses to the hot plate (Columbus, USA) thermal stimulation after 4 s were selected for the test. In this case the hot plate temperature was kept at 55 ± 1.0°C and the time period taken to show the response by hind paw licking or jumping was documented in seconds. The test samples (12.5, 25.0 and 50.0 mg/kg of oil, and 200, 400 and 800 mg/kg of extracts) were given orally to mice. Each of mouse under tests was also considered as the own control. Morphine (10 mg/kg) was employed as positive control, and administrated subcutaneously. The primary response time (control latency) was determined by placing the mice on the hot analgesiometer and the time (in seconds) taken to respond was recorded. The average time of the three consecutive experiment at 1 h interval was recorded as control latency. On the other hand, every group of mice underwent the same testing procedure at 30, 60, and 90 min after receiving the test samples. To avoid tissue impairment a latency period of 30 s was considered as complete analgesia cut off time (Heidari et al., 2009 )..
Carrageenan-induced paw edema assay
The efficacy of M. cordata in reducing induced inflammation was evaluated by acute inflammation method in rats as designated by Winter et al. (1962) . Each type of the test samples was applied on three different groups of rat (n = 5). The basal volume (Co) of the right paw (average volume) of each rat was recorded a plethysmometer (model 7150, UgoBasile, Italy). The control group was administrated orally with 5% Tween 80 (10 mg/kg), while animal from other were given the essential oil and extracts at specified doses. Phenylbutazone (PBZ) (100 mg/kg) was given to each animal of the positive control group. After 30 min, all the animal of each group received 1% carrageenan (0.1 ml) into the sub-planter surface of right hind paw. The volume of the right paw edema was measured at 0 h, 1 h, 2 h, 3 h and 4 h. Inhibitory activity was calculated by the following formula:
where Ct refers to paw size after a specific time interval in hours after carrageenan injection and Co denotes paw size before carrageenan injection.
Yeast-induced hyperthermia assay
The primary rectal temperature of each of the rats were measured by digital electric thermometer (EXACON, Denmark). After taking this initial temperature, each of the rats was given subcutaneously 20 ml/kg (20%) suspension of brewer's yeast in distilled water to induce pyrexia (Turner et al., 1965) . The animals were chosen for the experiment which displayed an increase of 0.3-0.5°C after 18 h. Then different groups of rats received the tests samples (oils and extracts) in specified doses as described earlier. The control group was given 0.3 ml normal saline. In this study, we have taken paracetamol (100 mg/kg orally) as standard drug. After treatment with the test samples and standard drug, the rectal temperature of all rats under experiment were measured at 1 h, 2 h, 3 h and 4 h. The average temperature of every group was compared with mean temperature of the group treated with standards drug.
Statistical analysis
All data were analyzed by means of ANOVA test followed by Student's t-test. Significant levels were determined at P < 0.05 (95% confidence limit).
Results
3.1. Anti-nociceptive activity study 3.1.1. Peripheral anti-nociceptive activity assay Mikania cordata showed peripheral anti-nociceptive effect by reducing acetic acid induced writhing in mice (Fig. 1) . The percentage inhibition of writhing for essential oil at the dose of 12.5, 25.0 and 50.0 mg/kg were 24%, 34.67% and 47.33%, respectively. In contrast, the chloroform extract at 200, 400 and 800 mg/kg inhibited 17.33%, 24.67% and 29.33% and the inhibition percentage for the ethyl acetate extracts at 200, 400 and 800 mg/kg showed 4.66%, 11.3%, 16.65% inhibition, respectively.
The percentage inhibitions were determined by comparing the animals received test specimen to the animals that received vehicle only. By comparison, 40 mg/kg diclofenac sodium-produced the highest (i.e., 52% effectiveness) anti-nociceptive effect in this nociception model. In this study, the tested samples exhibited dose dependent analgesia and the oil at 50 mg/kg b.w. induced the highest analgesia among the tested doses.
Central anti-nociceptive activity assay
In the hot plate study, the leaf essential oil (12.5, 25.0 and 50.0 mg/kg each), and both of the chloroform and ethyl acetate extracts (200, 400 and 800 mg/kg) of M. cordata elongated the reaction time at different time points. All these elongation in the reaction time was determined by comparing to the corresponding control groups (Table 1; Fig. 2 ). Morphine significantly prolonged the reaction time of the animals with relatively extended duration of stimulation of 116.99%, 117.52% and 85.55% elongation reaction time at 30 min, 60 min and 90 min, respectively, confirming centrally mediated activity. The essential oil at the dose of 50 mg/kg b.w. induced the highest analgesia among the tested essential oil doses by elongating the reaction time 89.42%, 95.86%, and 60.98% at 30 min, 60 min and 90 min, respectively.
The maximum elongation for the chloroform and ethyl acetate extract was obtained at 800 mg/kg b.w. dose. The percentage of elongation of reaction time for the chloroform at 800 mg/kg were 79.18%, 78.66% and 70.52% at 30 min, 60 min and 90 min, respectively, whereas the percentage of elongation of reaction time for the ethyl acetate extract for the same dose were 37.5%, 42.37% and 17.05% at 30 min, 60 min and 90 min, respectively. All the three specimens, viz. essential oil, chloroform extract and ethyl acetate extract revealed dose dependent central anti-nociceptive activity.
Carrageenan-induced rat paw edema assay
The anti-inflammatory effects of the essential oil and the extracts of M. cordata showed by inhibition of carrageenan-induced paw edema in rat's are presented in Table 2 and Fig. 3 . Ethyl acetate extract showed anti-inflammatory effect in this model only at 4 h and the highest inhibition (15.27%) was found at 800 mg/kg for this extract.
Chloroform extract (200, 400 and 800 mg/kg) showed suppression of carrageenan-induced paw edema at several time points and at the highest dose of 800 mg/kg, chloroform extract showed noticeable inhibition of 8.47%, 15.12%, 21.10% and 34.31% edema at 1 h, 2 h, 3 h and 4 h, respectively. As shown in Fig. 3 , the highest inhibition of paw edema was recorded at 50 mg/kg of essential oil among the tested doses of the plant. 
Yeast-induced hyperthermia assay
The antipyretic potential of the essential oil and two extracts of M. cordata leaf were presented in Table 3 . Administration of brewer's yeast to rats produced a noticeable increase in rectal temperature 18 h after yeast injection (Table 3) . In this study, although the chloroform extract reduced the rectal temperature right from 1 h onward, however, the ethyl acetate extract showed no antipyretic activity (data not shown). The essential oil showed strong antipyretic effect and pyrexia was reduced after the oil administration. Paracetamol (100 mg/kg orally) significantly reduced the temperature. The reduction in temperature by the essential oil and the extract varied and of different potencies (Table 3) .
Discussion
The long history of traditional uses of M. cordata in treating pain, inflammations, cuts, wounds and dengue fever have been reported in different studies (Ghani, 1998; Rahmatullah et al., 2009) . The objective of our study was to examine the effect of M. cordata on pain, inflammations and pyrexia to ascertain scientific rationales behind using M. cordata as ethnomedicinal plant in treating cuts, wounds as well as dengue fever and its symptoms. Our study demonstrated the efficacy of essential oil and organic extracts of M. cordata against induced pain, inflammation and pyrexia.
The anti-nociceptive activity (both peripheral and central) of the test specimens were investigated by applying two different methods. The most suitable and widely used acetic acid induced writhing method was applied to identify the peripheral effects whereas hot plate method was employed to detect central antinociceptive activity of the test samples. Our results clearly indicated that essential oil and the extracts of M. cordata possessed both peripheral (writhe reduction) and central (thermal reaction time prolongation) anti-nociceptive effects. From these observation it could be concluded that the M. cordata could be considered as an alternative source of commercially available analgesic medications.
In the peripheral nociception model, the pain is developed by inducing local inflammatory sensation. Following inflammation, there is biogenesis of prostaglandins from cyclooxygenase pathway and leukotrienes from lipoxygenase pathway (Das et al., 2012) . The released prostaglandins, mainly prostacyclin (PGI2), and to a lesser extent, prostaglandin E, are supposed to induce pain and abnormal contraction of mice body which is termed as 'writhing'. The biogenesis process of lipooxygenase and/or cyclooxygenase might be prevented by phyto-constituents of extracts and oil of M. cordata and this might affect the formation of PGE2. Thus the transformation mechanism in the nociceptor is suppressed which results in reduced or no pain perception. Previous studies showed that acetic acid induced writhing model might give rise to false positive results (Le Bars et al., 2001) . Therefore, to evaluate the actual anti-nociceptive activity, another test model e.g. hot plate thermal stimulation in combination with the acetic acid induced writhing model is generally suggested. The essential oil and both of the extracts of M. cordata were found to prolong reaction time in hot plate thermal stimulation test. The effect of oil and extracts is comparable with that obtained by morphine. Central nervous system depression properties of morphine resulted in reduced behavioral activities. It has already been established that the exciting states of monoamines neurotransmitters are the initiator of spontaneous motor activity and exploratory behaviors (Rang et al., 1998) . Thus, oil and extracts may have properties as like as morphine, which may have some suppressing effect on the secretion of these neurotransmitters. Previous studies revealed that the aerial parts of M. cordata exerted central antinociceptive, locomotors depressant, muscle relaxant and sedative potential effect which, in turn, leads to the conclusion that the aerial parts of this species has some central nervous system depression properties (Dey et al., 2011) . Moreover, Siddiqui et al. (2017) stated that monoterpene and sesquiterpene compounds are predominant in essential oil composition, while De Sousa (2011) showed that the monoterpenes and sesquiterpenes played very important role as analgesic compound in essential oils. Furthermore, the analgesic role of flavonoids (Rao et al., 1998) , tannin and alkaloids (Goyal et al., 2013) in different plant species has been well established, and this particular species M. cordata has been claimed to possess flavonoid, steroid, tannin, and saponin as predominant compounds (Hasan et al., 2009; Nayeem et al., 2011) . Thus the anti-nociceptive properties of oil and leaf extracts can be attributed to those compounds available in the M. cordata.
The results of our present study thus support the neuropharmacological properties of M. cordata as reported by Dey et al. (2011) . Previous studies based on hydromethanolic extract (Hasan et al., 2009 ) and crude extract (Ahmed et al., 2001 ) also suggested that M. cordata had strong analgesic effect and those findings were further supported by our results. The inflammation sensation may be induced due to different diseases and establishment of a active therapy for treating inflammation is problematic. Consequently, it is necessary for finding out alternative plant derived compounds to treat inflammations effectively. Several compounds have already been isolated from different plant species which indicated positive therapeutic action on inflammatory conditions. In our study, tested specimens of M. cordata exhibited positive effects in anti-inflammatory and antipyretic tests models. In the carrageenan induced rat paw edema model, essential oil presented the most prominent activities, whereas, chloroform extract displayed moderate effect in controlling induced inflammation. Ethyl acetate extract, however, showed somewhat lower activity. Our results have been found congruent with previous studies in some other genera (Silva et al., 2003; Goyal et al.; 2013) , which demonstrated strong anti-nociceptive and anti-inflammatory properties. Suyenaga et al. (2002) studied some other species of Mikana and showed that those species have anti-inflammatory and anti-nociceptive properties which support our findings. The result of our study is in good agreement with previous report on anti-inflammatory activity of M. cordata (Chandra et al., 2012) .
The mechanism of the anti-inflammatory effects of the oil and extracts found in this study is not so clear as like as antinociceptive activities. However, our previous study revealed that essential oil of M. cordata is a rich source of various mono-and sesquiterpenes, e.g., b-caryophyllene, d-cadinene, b-himachalene, T-cadinol, b-farnesene as well as other monoterpenes and sesquiterpenes (Siddiqui et al., 2017) . It has already been shown that the b-caryophyllene and d-Cadinene can inhibit the biogenesis of leukotriene B2, prostaglandin E2, and other arachidonic acid metabolites in inflammation pathway (Kamatou et al., 2006) . However, De Sousa (2011) states that mediators, cytokines responsible for inflammatory sensation is usually inhibited by monoterpene components of the oil. Moreover, monoterpenes compounds have significant suppressing effect on the secretion of several inflammatory mediators (Juergens et al., 1998) . Based on these studies we can conclude that monoterpenes compound of the oil sample of M. cordata played an active role to show potent effect against induced inflammation as evidenced in our study. The anti-inflammatory effect of the extracts could be attributed to flavonoid, steroid, tannin, and saponin content. Moreover, M. cordata is a good source of dilactones type mikanolide and miscandenin, and kaurenoic acid, which were found to active against induced pain and inflammation (Ahmed et al., 2001 ). All these compounds may impart a significant effect in the anti-inflammatory property of the extracts. To our continuous search for natural components with properties of reducing pain and inflammation sensation, our works are in progress to explore active compound(s) from M. cordata responsible for these effects.
The drug or medicinal compound bearing the suppressing effect on biogenesis of prostaglandin generally have antipyretic properties (Vane, 1987) . In our study, essential oil and the chloroform extract were found to inhibit pyrexia considerably developed by yeast administration. Essential oil have impacts on central nervous system and the major components of oil (i.e. b-caryophyllene) are likely to inhibit the synthesis of prostaglandin E2 and thus lessen hyperthermia. In this case the compounds like b-caryophyllene exert some inhibitory effect by its action on COX-3 which decrease the amount prostaglandin E2 in the hypothallamus region of brain (Botting and Ayoub, 2005) . There is another possibility in which the compounds may have some positive influence to increase the secretion of vasopressin and arginine like antipyretic agents within the body (Chandrasekharan, 2002) . In contrast, the phytoconstituents present in the chloroform extract may play a vital role to reduce pyrexia in rats. However, some of our observations regarding incongruent or multiphasic activities of test samples could be correlated with the fact that oils and extracts are complex mixture of different chemical compounds (Jager et al., 1996) . These components can vary in kind and concentration which may lead to variation in individual internal activities of the components. The internal interaction of the active components may results in some synergistic or antagonistic effects which may impose interference on pharmacokinetic and pharmacodynamic activities of active ingredients (Juergens et al., 1998) .
Conclusion
The present study confirmed the traditional uses of M. cordata, claiming that the essential oil and the leaf extracts of the species have potent anti-nociceptive, anti-inflammatory and antipyretic properties. The usefulness of this species for treatment of pain, inflammations, pyrexia over and above dengue fever could be supported and enhanced if combination of anti-nociceptive, antiinflammatory and antipyretic properties is taken into consideration. A number of mechanisms including corticosteroid-like effects, discharge of endogenous glucocorticoids, interaction with prostaglandin biosynthesis or some other inflammatory mediators are associated with anti-inflammatory action of medicines (Barnes et al., 1990 ) and they should be examined for these fractions henceforth. Our phytochemical and biological research on Mikania cordata is ongoing to isolate and characterize the active chemical constituent(s) responsible for these activities.
